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Analysis of tide records from Monterey Harbor for the
three-year period 1964-1966 showed that two types of
sub-tidal oscillations occur in the harbor having mean
periods in the range of 19 to 39 minutes and 1.5 to 2.0
minutes. Their heights, recorded on the tide records,
varied from 0.2 to 0.4 foot and from 0.1 to 0.5 foot,
respectively. The longer waves occur in trains having
durations from a few hours to several days, and have a
well-defined seasonal and diurnal frequency of occurrence,,
being most common during July and between the hours of
1200 and 1600. The shorter waves are recorded almost
continuously. The long period waves probably are
progressive waves produced by air-pressure fluctuations or
by resonance with the ordinary surface waves associated
with the coastal sea breeze. The short period waves
appear to be either natural oscillations of the harbor or
surf beat accompanying swell arriving from the open ocean.
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Water—level oscillations having frequencies between
those of the tides and ordinary sea and swell have been
observed on tide and wave records made in Monterey Harbor,
California.- These sub-tidal oscillations have been
described by Hudson (194-9) for the period October 1946 to
April 19^7 and by Wilson (1965) for the period October
1963 to April 1964. Both studies were supported by the
U. S. Army Corps of Engineers, the earlier one in connection
with surging problems in the harbor and the later one for
the purpose of designing a suitable harbor model in
preparation for a proposed breakwater construction.
Hudson (1949) used three automatic and electrically
synchronized Corps of Engineers (C.E. ) wave gages,
located in Monterey Harbor (Figure 1), to record wave
data. His analysis revealed waves which he separated
into three categories: short, intermediate and long waves.
The results are summarized in the following table*















FIGURE 1. Locations of Long-Wave Sensors (MA and CE)
and NPGS Tide Gage in Monterey Harbor
12
Wilson (1965) used data from three Marine Advisers
wave sensors, which were located as shown in Figure 1 in
relation to Hudson's Corps of Engineers (C.E. ) sensors.
Wilson's results are summarized in the following table.







3 0-55 0.1-2,5 ft.
2 60 sec-14 min 0-55 0.1-3.0 ft.
1 140 sec-14 min 0-50 0.1-2.5 ft.
It may be noted, in comparing the data in the two
tables, that significant differences exist between both
the frequency of occurrence and the wave height recorded by
the two investigators.
b. Objectives.
The purpose of this investigation was to conduct a
systematic analysis of the sub-tidal oscillations revealed
in three years (1964-1966) of tide records recorded on the
standard recording tide gage located on Municipal Wharf
Number 2 (Figure 1), The principal objectives of studying
these sub-tidal oscillations were to determine their
(1) Occurrence, (2) Properties, and (3) Causes.
c. Description of Monterey Harbor.
Monterey Harbor is located at the southern extremity
of Monterey Bay, a large semi-elliptical bay, located
13
about sixty nautical miles south of San Francisco (Figure 2),
The harbor contains a mooring area and two wharves. It is
well protected from southerly to westerly storm waves by
the. Monterey Peninsula, and partially protected from
westerly to northerly storm waves by a 1750 foot breakwater.







































.•; ra i for M03 terc y Earl j 'ecoi o . c
;
t de
je, Lch wa . Installed ir June I: 61 and L- .... I . :d
bg the ; • r i i Poet :'.'.duate Schooj , .•e.-cs analj :ed £o£ the
e - ar petfiod from January 196^. through December 1966«
riod . ( nplete except Tor the folloidng months;




. A preliminary inspection of bide records revealed
that the sub-tidal oscillations could be sc : ea into
o k: stinot groups of long and short period waves*
Examples of both are shown vr, Fi^re 8 superimposed on
t ?].e astronomi ca] tide. The - i _"• riod waves appeared to
i
— ve a mean period of appro. tely 20-4-0 mitfiu s ftiereas
i the short-period waves appeared t# have a . - l perj
1-2 minutes, evidently with no overlap betWE n than. The
long—period waves also were observed to oc ir i la,f!v€
infrequently, whereas the short—period waves vore present
nearly a3 j of the time. On the basis of thi-s inspection,
the investigation was directed toward the occurrence,




Long-period waves occur in trains or series, the
occurrence and duration of which may be noted from
Figure 3. The trains or series were very distinct, but
the beginning and end points of each train were indefinite.
A subjective method of recording only the clearly
distinguishable long-period waves was used. This method
eliminated a portion of the beginning and end of the
actual wave trains or series. Some wave trains were
symmetrical about the mean tidal curve while others were
non- symmetrical. Symmetrical waves oan be seen in Figure
8 between 1800-2000 and non-symmetrical waves between
1700-1800.
(1) Duration.
The duration of individual wave trains was found
to vary from a few hours to as long as ten days. It was
found that the duration tended to be longer in summer
than in winter.
(2) Frequency of Occurrence,
The number of hours of occurrence of long-
period oscillations for each month of the year were
recorded and are graphed in Figure 4 (see tabulation in
Appendix, Table 1). The figure shows that during each of
the three years there was a marked seasonal occurrence
with a maximum in July, and generally a low level of
occurrence from September through May. The year 1965
17
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.showed considerably more activity than the other two years
during the summer months, with an occurrence of more than
400 hours in July, 1966 was a relatively inactive year
and had a secondary maximum in November,
The diurnal occurrence of long waves for each
year is shown in Figures 5> 6 and 7 (see tabulations in
Appendix, Tables 2 and 3) • A well-defined diurnal
occurrence between the hours of 1200-1800 and 1000-1800
was found for 1966 and 1965 » but the maximum diurnal
occurrence for 1964 was recorded at the hour 0700
(Figure 5) • The combined diurnal occurrence for the
three-year period is shown in Figure 6. Since in Figure 6
the number of months of data varied for each year, the
occurrence was calculated in percentage to take this into
account and the results are shown in Figure 7* This
figure reveals a well-defined occurrence between the hours
of 1200-1600.
b. Wave Properties,
It was not feasible to determine the wave properties
of all the long-period wave trains shown in Figure 3,
accordingly, a smaller number of wave trains was selected
for detailed study. The preliminary inspection revealed
that the maximum wave height of most of the tfave trains
was less than 0.4 foot; therefore, wave trains were chosen
for further study if their maximum wave height was greater
than 0.4 foot. Twelve trains or series were found to have
heights greater than 0.4 foot and those were used as selected
20
FIGURE 5. DIURNAL LONG-PERIOD WAVE OCCURRENCE
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samples for the determination of wave properties.
(l) Wave Period.
The period of a given wave in a long-period wave
train was obtained by the method illustrated in Figure 8.
Both the mean long-period wave and the mean tide curve
were drawn through the record. The period of each wave
was then measured between successive upward crossings of
the mean tide curve. The periods were measured to the
nearest minute and are tabulated in Tables 4-15 of the
Appendix. The accuracy of the method is considered to be
+ 1 minute.
Results of the analysis of the periods for
twelve selected wave trains are shown in the histograms
of Figures 9 and 10, which are graphed using period
intervals of three minutes. Figure 9 presents the four
wave trains of longest duration and Figure 10 the remaining
eight shorter duration wave trains. It is evident that the
period bands are broad and varied, that the distributions
are not normal, and that the dominant period was not the
same in every occurrence. There also were no distinguish-
able harmonics apparent. Measured periods of the twelve
wave trains varied from 7-51 minutes, with a maximum period
range for an individual wave train being 41 minutes. It
is interesting to note that Wilson (1965) and Hudson (1949)
did not indicate evidence of periods greater than 15
minutes in their studies, very likely because their
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FIG-URE 8. EXA1-IPLE OF LONG WAVES AND SHORT WAVES
SUPERIMPOSED ON THE ASTRONOMICAL TIDE
The Method of Wave Period and Height
Analysis of the Long Waves is Illustrated
25 ' • '• .
FIGURE 9. LONG -WAVE PERIOD
FREQUENCY DISTRIBUTION
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figure 10. long-wave period
frequency distribution
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The cumulative frequency distributions associated
with the histograms of the four longest wave trains are
shown in Figure 11. The periods contained between the
10 per cent to 90 per cent levels of occurrence are
summarized below.
TABLE 3 - PERIOD RANGE OF 10fo TO 90^
LEVELS OF OCCURRENCE










There is a smaller variation in the upper
limit of the period range (31-36 minutes) than in the
lower limit (9-18 minutes). Based on the limited amount of
data in the table, the periods of long-wave trains appear
to be confined to the range from 9 to 36 minutes. The
cumulative frequency distributions for the shorter durations
do not form a unique pattern and very little can be said
about them.
The mean and median periods for the twelve wave
trains are summarized in Table 4. In some of the selected
samples the median period differed from the mean period
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is indicated by this difference. During the three-year
interval the mean wave period of the individual wave trains
varied from 19.4 to 38,3 minutes.
The distribution of wave interval with time for
the four trains of longest duration is shown in Figure 12,
The large range in periods is clearly distinguishable.
These periods do not show any pattern, except for a mean
increase of period with time for three of the four wave
trains, and they are best described as unordered.
(2) Wave Height.
The height properties of the long-period waves
were determined by application of Manley 1 s (194-5) envelope
method of wave-form analysis in a simplified form. The
principle of this method is shown in Figure 8. The crest
and the trough envelopes of the long waves were drawn,
and the wave height was measured as the vertical distance
between the envelopes at the crest positions. The heights
of all waves in the twelve selected wave trains on the
tide record were measured to the nearest 0.05 foot and
are tabulated in Tables 16-27 of the Appendix. Results
of the analysis of the wave heights are shown in Figures
13, 14 and 15.
The tide-gage stilling well dampens the response
of the gage to waves having periods significantly shorter
than the astronomical tides. Correspondence with the
U. S. Coast and G-eodetic Survey and others concerned with
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FIGURE 14. LONG-WAVE HEIGHT
FREQUENCY DISTRIBUTION
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response characteristics of tide wells in the high
frequency end of the wave spectrum. Dr. Carl Wunsch of
Massachusetts Institute of Technology stated in personal
communication that generally there is an exponential
attenuation with increasing frequency, with the degree of
attenuation dependent upon the geometry of the particular
gage. According to an equation given by Doodson and
Warburg (194-1) for the rate of change of water level in a
tide well for a given hydraulic head, the response of the
tide gage for both the long and short waves under
investigation in this study is approximately 10C$. There-
fore little or no dampening of these waves has occurred,
and the wave heights given in all tables are considered
to be the actual heights.
Properties of the wave-height distributions of
the twelve selected wave series are shown in Figures 33,
14 and 15, The frequency distributions shown in Figures
13 and 14 appear to approximate a normal distribution.
Measured heights varied from 0.10 to 0.95 foot, with a
maximum range for an individual wave train being 0.75 foot.
Heights of 0.20 to 0.30 foot were the most frequent.
Heights are lower than those reported by Hudson (1949)
in the same general period range by a factor of 2 and by
Wilson (1965) by a factor of about 4. The cumulative
frequency distributions associated with the histograms
of the four longest wave trains are shown in Figure 15.
Except for the wave train of Aug 1965, all of the energy
37
lies between 0,08 to 0.58 foot.
The mean and median heights for the twelve wave
trains were calculated and are shown in Table 4. Unlike
the wave periods, the median heights (except for one
sample, Aug 1965) were approximately the same as the mean
heights* The summary in Table 4 shows that during the
three-year period the mean height of individual wave trains
varied from 0.19 to 0.39 foot.
The distribution of wave heights with time is
shown in Figure 16 for the four longest wave trains.
Generally there is considerably variability in heights of
successive waves. Discontinuities are present in the
height distribution. Wave groupings are not prominant




Studies of long waves carried out in other
coastal locations indicate that, in some cases, the waves
are standing oscillations or seiches in closed or partially
enclosed water bodies; and in others, they are progressive
waves arriving from the open ocean. Their origins have
been attributed to atmospheric pressure fluctuations,
tsunamis, and to other causes.
In Table Bay at Cape Town, South Africa, which
has a shape and an exposure to the open ocean similar to
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which are common in the bay, are excited by pressure pulses
in the overlying atmosphere when the wind is from the open
sea. The oscillations in the atmosphere had dominant
periods of approximately 130, 82, 66, and 15 minutes,
whereas the natural water oscillation of the bay commonly
showed periods in the range 70-50, 33-26, and 23-15
minutes. Pressure fluctuations associated with wind
directions other than from the open ocean failed to
stimulate long-period waves.
In Ofunato Bay, Japan, which is deeply indented
from the ocean and which has a relatively simple shape,
Takahasi, Aida, and Nagata (1966) observed sub-tidal
oscillations using submerged long-wave recorders.
Ofunato Bay suffered severe damage from seiches induced
by the Chilean tsunami in I960. The purpose of their
study was to determine the characteristics of these
oscillations. Discrete periods of 40 minutes and 15
minutes were found, and it was concluded that the water
was resonating at the natural frequency of the bay.
Gilbert and Pattullo (1966), in a study of
Yaquina Bay, Oregon, used a portable staff-in-tube gage to
obtain long-wave data. De-trending and spectral analysis
by computer were applied to the data. The results
suggested that there are two principal oscillations present,
both of which possibly are seiches. They found that,
during the winter, waves of periods less than six minutes
dominated; but during the summer, periods of 20 minutes
40
dominated. The wave heights were of the order of
centimeters to tens of centimeters.
Tucker (1963) reviewed the studies by Munk (194-9
and 1962), Longuet-Higgins and Stewart (1962), Groves (1956
and 1957), Cartwright (I960), and Donn and McGuiness (I960).
In the light of the work of these investigators, Tucker
concluded that atmospheric pressure and surf beat both
probably contribute and overlap in generating the sub-tidal
oscillations.
(2) Long Waves in Monterey Harbor,
(a) Relationship to Sea Breeze and Onshore
Winds.
Certain characteristics of the long waves in
Monterey Harbor determined in this study suggest that
they are not simple standing oscillations (seiches) of the
harbor or bay; and therefore that they probably are
progressive wave trains arriving from the open ocean.
These characteristics include broad period spectra and the
absence of discrete periods common to the wave trains studied.
If standing waves were present, closer period uniformity of
the wave trains and narrower spectra would have been
expected. On the other hand, the possibility that the
long waves are seiches should not be ruled out because their
period band, dominantly from 20 to 30 minutes, coincides
with the periods of several of the natural oscillations
for the harbor and for southern Monterey Bay as computed
by Wilson (1965).
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Coincidence of the seasonal and diurnal
occurrence of the long-wave oscillations studied in this
investigation with the occurrence of the summer afternoon
sea breeze which is characteristic of the Pacific Coast
strongly suggests the causative factor to be associated
with this phenomenon. In order to confirm this asso-
ciation, it was planned to establish the occurrence of
the sea breeze and onshore winds from wind records from
the local area, and then to compare that occurrence with
the long-wave occurrences. The possibility of performing
spectral analyses of wind records made at the times at
which the twelve wave trains occurred was also considered.
The purpose of this would be to determine whether resonant
frequencies between wind and waves might occur.
Hourly observations of the wind would be
sufficient for the first purpose, but continuous wind
records near the sea surface were required to carry out
the second objective. It was found that satisfactory wind
data were not available for either purpose. Wind velocity
is not recorded at or near Monterey Harbor. The closest
source of available wind records was the Naval Auxiliary
Landing Field, located inland about one mile from the
harbor. Observations of the wind speed and duration are
made hourly between 0500 and 2200 daily, but the wind is
not continuously recorded. Due to the terrain between
the harbor and the landing field, the wind velocity at the
field is not representative of the harbor. Hourly wind
42
speed and direction records were also available from
Salinas, about sixteen miles away, but that is too distant
for the purposes of this study.
In spite of the lack of wind data, it is felt
that there is a direct association between onshore winds
and long-period sub-tidal harbor oscillations. It is
strongly recommended that a continuous-recording anemometer
be installed in Monterey Harbor to furnish wind data for
further study of this problem. It is noteworthy that
Wilson (1965) made the same recommendation in his study.
(b) Generating Processes.
The most probable processes responsible for the
generation of long-wave oscillations are long-period
atmospheric pressure fluctuations accompanying sea breezes
and onshore winds, and variations in wind stress on the
sea surface leading to fluctuations in mass transport in
a shoreward direction. Resonance of the sea surface with
ordinary sea and swell also may be a possible cause.
The only one of these possibilities for which
suitable field data are available to allow testing is the
first one, which proposes atmospheric pressure pulses as
the principal cause. Pressure records obtained from a
standard recording microbarograph installed at the Naval
Postgraduate School, and located about one half mile from
the harbor, were examined for the intervals of the twelve
long-period wave trains selected. The results are
tabulated in Table 5. The table shows that definite
43
TABLE 5 - ATMOSPHERIC PRESSURE FLUCTUATIONS
OCCURRING: AT TIMES OF LONG WAVE TRAINS







091800-101000 Aug 1965 Yes 0.39
052200-070600 Jun 1966 Yes 0.23
271500-282000 Nov 1966 Yes o 29
070400-071000 Dec 1964 No 0ol9
I165OO-III5OO Deo 1964 No. 0.23
210500-211300 Jan 1965 Yes 0,28
040400-041500 Feb 1965 Yes 0.34
131200-131600 Jan 1966 Yes 0.28
221500-221700 Sep 1966 (1) 0.30
200900-201600 Oct 1966 No 0.28
021900-022300 Dec 1966 No 0.28
(2)
(1) Date and time of record uncertain.
(2) Taken from Table 4.
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barometric oscillations were recorded in the case of six
of the twelve trains. The pressure oscillations have
periods measured in tens of minutes. Figure 17 shows an
example of a pressure record for the period 052200 to
070600 June 1966. The barograph records for four of the
trains revealed no fluctuations, and in the remaining two
cases the barograph records were not useable because of
possibly incorrect dates.
The barograph used is not sensitive to small
pressure fluctuations, which may account for the absence
of fluctuations in the four quiet records. It is believed
a more sensitive microbarograph may have shown barometric
pressure fluctuations for all of the selected samples of
long-period sub-tidal oscillations. It should be noted at
this point that pressure oscillations were found to occur
when no long waves were present.
In Table 5, it may be noted that barometric
pressure fluctuations tended to be present in those cases
where the wave height is greatest. If sub-tidal long waves
are caused by atmospheric pressure fluctuations, then it
would appear that the larger the pressure fluctuations, the
higher will be the waves.
It is recommended that a sensitive recording
microbarograph be installed in the immediate vicinity of
Monterey Harbor to furnish data for further studies of this
nature. It is worth noting that Wilson (1965), who saw a




























oscillations at Table Bay and Monterey Harbor, also




Short-period waves were recorded on the marigram
almost continuously during the three-year period* They
were absent for short intervals in the following months:
August 1964, September 1964, October 1964, July 1965,
and August 1965* Short-period waves were present during
the entire year of 1966. It is interesting to note that
1966 was the least active year for long waves, It is of
further interest that the time of minimum short-wave
occurrence approximately coincides with the time of
maximum long-wave occurrence (July).
b. Wave Period,
The period and height properties of short waves were
not determined in the same manner as for the long waves,
because of the difficulty of obtaining data from the
marigram due to the relatively large number of waves per
unit time (Figure 8). Accordingly, another method of
analysis was necessary. Nine clearly recorded samples of
the tide records of four-hour duration were chosen,
photographed, and enlarged. The number of short-period
waves occurring in the sample was counted and a mean period
was calculated. The results are shown in Table 6. The
mean period of the nine samples varied from 1.49 to 2.01
minutes. This period range is small -in comparison with
the long waves.
48
TABLE 6 - SUMMARY OF PERIODS AND HEIGHTS OF
SELECTED SHORT-PERIOD OSCILLATIONS

























B. Summary by Year:





1965 125 1.92* 0.18*
1966 869 1.49-2.01 0.22-0.37
'64-1966 1257 1.49-2.01 0.08-0.45
*0ne selected sample only from 1965.
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c. Wave Height.
Wave height was taken as the vertical distance between
the crest and following trough, and was measured to the
nearest 0.05 foot utilizing a 35 mm slide projector to
enlarge the record. The frequency distribution for each
of the nine selected samples, tabulated in Tables 28-36
of the Appendix, is shown in Figure 18, Individual wave
heights varied from 0.05 to 0.75 foot* The largest range
for any one sample was from 0.10 to 0.75 foot and the
smallest was from 0.05 to 0.20 foot. The cumulative
frequency distributions are shown in Figure 19© The mean
heights for the nine samples are listed in Table 6. The
mean height varied from 0.08 to 0.45 foot.
d. Causes*
The short-period oscillations recorded may be natural
oscillations of the harbor, i.e. seiches, or progressive
waves associated with swell groups arriving from the open
ocean, called surf beat by Munk (1949).
The nearly continuous occurrence of the waves in the
harbor strongly points toward an association with swell,
which is almost continuously present although very low at
the sheltered location of the tide gage. This observation
is not useful in further defining the cause, because swell
apparently can induce surf beat and seiching.
The fact that the period of the waves averages about
1.7 or 1.8 minutes is of particular interest. Wilson (1965)
50
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calculated the period of the first mode of natural
oscillation of the harbor to be 1.7 minutes. His analysis
of field data showed a wide range of short-period
oscillations which included a promlnant energy peak at
1,7 minutes. He concluded that these oscillations were
caused by ordinary swell from the open ocean, and that
the energy peak obtained at 1.7 minutes was due to
resonant oscillation of the harbor. It was his opinion
that surf beat might be present but that it could not
account for all the short-period oscillations present.
Hopper (1967) showed the presence of waves at
Del Monte Beach, located on the open coast near Monterey
Harbor, which have a fairly wide range of periods in the
same part of the wave spectrum. He obtained a prominant
energy peak at approximately 80 seconds, which is in
close agreement with that of the short waves treated in
this study. Hopper was inclined to believe that these
waves arrived from the open ocean and were reflected from
the shore out to sea.
It is also possible that some other phenomenon
may be the principal cause of the short-period oscillations,
53
5. Summary.
Analysis of tide records from Monterey Harbor for the
three-year period 1964-1966 showed that two types of sub-
tidal oscillations occur in the harbor having mean periods
in the range of 19 to 39 minutes and 1.5 to 2.0 minutes.
Their heights, recorded on the tide records, varied from
0.2 to 0.4 foot and from 0.1 to 0.5 foot, respectively.
The longer waves occur in trains having durations from a
few hours to several days, and have a well-defined seasonal
and diurnal frequency of occurrence, being most common
during July and between the hours of 1200 and 1600. The
shorter waves are recorded almost continuously, but are
absent at times during the months of the most frequent
occurrence of the long waves. The long-period waves
probably are progressive waves produced by air-pressure
fluctuations or by resonance with the ordinary surface
waves associated with the coastal sea breeze. The short
period waves appear to be either natural oscillations of
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:; 1 ~ MONTHLY LONG-PERICD WAVE OSCI RHENCE
(Continued)














TABLE 2 - DIURNAL LONG-PERIOD WAVE OCCURRENCE
Hours 1964* 1965* 1966* Total
00-01 32 38 35 105
01-02 34 34 36 104
02-03 34 35 37 106
03-04 35 34 37 106
04-05 36 37 34 107
05-06 38 39 34 111
06-07 40 40 30 110
07-08 37 41 27 105
08-09 34 43 26 103
09-10 34 45 30 109
10-11 34 45 36 115
11-12 36 48 39 123
12-13 36 49 43 128
13-14 34 47 43 124
14-15 35 49 40 124
15-16 31 50 42 123
16-17 32 46 42 120
17-18 32 44 39 115
18-19 31 44 37 112
19-20 32 42 36 110
20-21 31 43 33 110
21-22 36 42 35 113
22-23 34 40 36 110
23-24 34 38 36 108
* 1964 - 11 Months Analysis
* 1965 - 7 Months Analysis
* 1966 - 11 2/3 Months Analysis
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TABLE 3 - DIURNAL PERCENTAGE OF LONG-PERIOD
WAVE ! OCCURRENCE
Hours 1.9.64* 1965* 1966* Average
00-01 0,397 0.743 0.412 0.517
01-02 0.412 0.665 0.423 0.500
02-03 0.412 0.684 0.434 0.510
03-04 0.434 0.665 0.434 0.511
04-05 0.446 0.724 0.399 0.514
05-06 0.472 0.764 0.399 0.545
06-07 0.496 0.782 0.352 0.543
07-08 0.458 0.803 0.317 0.526
08-09 0.412 0.842 0.306 0.520
09-10 0.412 0.880 0.352 0.548
10-11 0.412 0.880 0.423 0.571
11-12 0.446 0.939 0.458 0.624
12-13 0.446 0.968 0.505 0.639
13-14 0.412 0.920 0.505 0.612
14-15 0.434 0.968 0.469 0.624
15-16 0.385 0.978 0.493 0.619
16-17 0.397 0.900 0.493 0.597
17-18 0.397 0.862 0.458 0.572
18-19 0.385 0.862:: 0.434 0.560
19-20 0.397 0.823 0.423 0.548
20-21 0.385 0.842 0.388 0.538
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TABLE 3 - DIURNAL PERCENTAGE OF LONG- PERIOD
WAVE OCCURRENCE (Continued)
Hours 1964* 1965* 1966* Average
21-22 0.446 0.823 0.412 O.56O
22-23 0.412 0.782 0.423 0.539
23-24 0.412 0.743 0.423 0.519
* 1964 - Percentage Based on 11 Months
* 1965 - Percentage Based on 7 Months
* 1966 - Percentage Based on 11 2/3 Months
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Tii3LE 4 ~ LOHG-Wi>VE PERIOD :DISTRIBUTION FOR
0504-00-Oo 2200 FEB 1965





10 1 2 1.90
13 5 7 6.67
14 6 13 12.4
15 4 TVJ. ! 16.2
16 4 21 20.0
17 4 25 23.8
18 6 31 29.5
19 5 36 34.3
20 2 38 36.2
21 4 42 40.0
22 5 47 44.8
23 2 49 46.7
24 4 53 50.5
25 1 54 51.4
26 7 61 58.1
27 5 66 62.8
28 4 70 66.7
29 3 73 69.5
30 3 76 72.4
31 3 79 75.2
32 3 82 70.1
33 6 88 83.8
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TABLE 4 - LONG-WAVE PERIOD DISTRIBUTION FOR
050400-062200 FEB 1965 (Continued)









35 3 94 89.5
36 1 95 90.5
37 1 96 91.4
38 1 97 92.4
39 4 101 96.2
40 1 102 97.2
41 1 103 98.0
44 1 104 99.0
47 1 105 100.0
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TABLE 5 - LONG-WAVE PERIOD DISTRIBUTION FOR
091600-101000 AUG 1965



















































TABLE 6 - LONG-WAVE PERIOD DISTRIBUTION FOR
052200-070600 JUN 1966





9 6 11 11.0
10 1 12 12.0
11 1 13 13.0
12 4 17 17.0
13 4 21 21.0
14 7 28 28.0
15 8 36 36.0
16 11 47 47.0
17 3 50 50.0
IS 4 54 54.0
19 3 57 57.0
20 2 59 59.0
21 6 65 65.0
22 4 69 69.0
23 3 72 72.0
24 1 73 73.0
25 3 76 76.0
26 3 79 79.0
27 2 81 81.0
28 2 83 83.0
29 2 85 85.0
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TABLE 6 - LONG--WAYS PERIOD DISTRIBUTION FOR
O5220O-07O6OO JUN 1965 (Continued)


















TABLE 7 - LONG-WAVE PERIOD DISTRIBUTION FOR
271500-282000 NOV 1966





13 1 2 2.9
14 1 3 4.3
15 2 5 7.3
17 2 7 10.0
19 4 11 15.9
20 1 12 17.4
21 1 13 18.8
22 2 15 21.7
23 4 19 27.5
24 8 27 39.1
25 3 30 43.5
26 1 31 44.9
27 4 35 50.7
28 4 39 56.5
29 5 44 64.7
30 5 49 71.0
31 3 52 75.4
32 5 57 82.7
33 5 62 89.7
34 3 65 94.2
35 1 66 95.7




TABLE 8 - LONG-WAVE PERIOD DISTRIBUTION FOR
070400-071000 DEC 1964
Period Occurrences Cumulative Cumulative Percentage
[Mln.
)
(No.) (No.).,_ ($) : . ..>.
;
10 I 1 7.14
12 1 2 14.3
13 ? 4 28.6
22 I 5 35.7
24 1 6 42.8
26 1 7 50.0
27 1 8 57.1
33 1 9 64.3
34 1 10 71.4
35 1 11 78.6
37 1 12 85.7
40 1 13 92.8
42 1 14 100.0
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TABLE 9 - LONG-WAVE PERIOD DISTRIBUTION FOR
110500-111500 DEC 1964





24 2 3 16.7
26 1 4 22.2
27 1 5 27.8
28 2 7 38.9
29 1 8 44.5
30 1 9 50.0
31 1 10 55.5
32 1 11 61.1
33 1 12 66.7
36 2 14 77.8
41 1 15 83.3
49 1 16 88.9
50 1 17 94.4
51 1 18 100.0
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LE 10 - LeSGh-WAVE PERIOD DISTRIBUTION FOR
2lbJ5bO-211360 JAN 1965





23 1 2 13.3
27 2 4 26.7
28 1 5 33.3
29 2 7 46.7
30 1 8 53.3
32 3 11 73.3
40 2 13 86.6
4-5 2 15 100.0
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TABLE 11 - LONG-WAVE PERIOD DISTRIBUTION FOR
040400-041500 FEE 1965








19 2 3 13.0
20 2 5 21.8
22 1 6 26.1
23 2 8 34.8
27 2 10 43.4
31 2 12 52.2
32 1 13 56.6
34 3 16 69.6
36 4 20 87.0
38 1 21 91.3
39 1 22 95.7
43 1 23 100.0
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TABLE 12 - LONG-WAVE PERIOD DISTRIBUTION FOR
131200-131600 JAN 1966







32 1 2 33.3
38 1 3 50.0
39 1 4 66.7
44 1 5 83.3
46 1 6 100.0
TABLE 13 - LONG-WAVE PERIOD DISTRIBUTION FOR
221500-221700 SEPT 1966
Period ccurrences Cumulative Cumulati ve P er cen ta g
a





36 1 2 66.7
43 1 3 100.0
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TABLE 14 - LONG-WAVE PERIOD DISTRIBUTION FOR
200900-201600 OCT 1966





19 1 3 20.0
23 1 4 26.7
24 3 7 46.7
26 1 8 53.3
27 1 9 60.0
28 1 10 66.6
30 1 11 73.3
33 1 12 80.0
35 1 13 86.6
36 1 14 93.3
38 1 15 100.0
TABLE 15 - LONG-WAVE PERIOD DISTRIBUTION FOR
021900-022300 DEC 1966







33 2 3 42.8
34 1 4 57.1
39 1 5 71.4
41 1 6 85.8
48 1 7 100.0
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TABLE 16 - LONG-WAVE HEIGHT DISTRIBUTION FOR
050400-062200 FEB 1965





0.15 20 22 20.9
0.20 39 61 58.2
0.25 24 85 81.0




0.40 3 105 100.0
TABLE 17 - LONG-WAVE HEIGHT DISTRIBUTION FOR
091800-101000 AUG 1965
Height Occurrences Cumulative Cumulative Percentage
(Ft.) (No.) (No.) (fo)
0.20 1 1 2.32
0.25 9 10 23.2
0.30 9 19 . 44.2
0.35 8 27 62.8
0.40 2 29 67.4
0.45 3 32 74.4
0.50 3 35 81.4
0.55 4 39 90.7
0.60 2 41 95.3
0.70 1 42 97.7
0.95 1 43 1 j.
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TABLE 18 - LONG-WAVE HEIGHT DISTRIBUTION FOR
052200-070600 JUN 1966





0.15 21 31 30.7
0.20 25 56 55.5
0.25 19 75 74.3
0.30 14 1 89 88.0
0.35 5 94 93.2
0.40 6 100 99.0
0.45 1 101 100.0

























. L ) - LONG-WAVE HEIGHT DISTRIBUTION FOR
070400-071000 DEC 3
Cumula tive Cumi i la ti. v e Percentage
(No.)






























TABLE 22 - LONG-WAVE HEIGHT DISTRIBUTION FOR
210500-211300 JAN 1965













TABLE 23 - LONG-WAVE HEIGHT DISTRIBUTION FOR
040400-041500 FEB 1965
Height Occurrences Cumulative Cumulative Percentage
(Ft.) (No.) (No.) (*)
0.15 1 1 4.35
0.20 1 2 8.70
0.25 5 7 30.5
0.30 3 10 43.4
0.35 3 12 52.2
0.40 6 18 73.8
0.45 4 22 95.7
0.50 1 23 100.0
TABLE 24 - LONG-WAVE HEIGHT DISTRIBUTION FOR
131200-131600 JAN 1966




0.20 1 1 16.7
0.25 2 3 50.0
0.30 2 5 83.3
0.35 1 6 100.0
TABLE 25 - LONG-WAVE HEIGHT DISTRIBUTION FOR
221500-221700 SEP 1966
Height Occurrences Cumulative Cumulative Percentage
lll-L.. {NOfl_ (No.) ffl , _
0.30 3 3 100.0
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TABLE 2 - LONG-- V/^YE HEIGHT DISTRIBUTION FOR
200900-201600 OCT i960








0.-25 - 2 7 46.7
0.30




0.40 2 15 100.0
TABLE 27 - LONG-WAVE HEIGHT DISTRIBUTION FOR
021900-022300 DEC 1966








0.25 1 3 42.8
0.30 2 5 71.4
0.35 2 7 100.0
TABLE 28 - SHORT-WAVE HEIGHT DISTRIBUTION FOR
191900-192300 OCT 1964
Height Occurrences Cumulative (Cumulative Per
UjtsJL
_il°J!.JL ..(No.,). 1£L
0.05 66 66 46.4
0.10 58 124 87.3
0.15 17 141 99.2
0.20 1 142 100.0
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TABLE 29 - SHORT-WAVE HEIGHT DISTRIBUTION FOR
080200-080600 DEC 1964





0.25 6 13 10.7
0.30 7 20 16.5
0.35 9 29 24.0
0.40 19 48 39.6
0.45 15 63 52.0
0.50 12 75 62.0
0.55 27 102 84.3
0.60 8 110 90.8
0.65 5 115 95.0
0.70 4 119 98.3
0.75 2 121 100.0
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TABLE 30 - SHORT-!/AVE HEI GHT. DISTRIBUTION FOR
110200--110600 FEB 1965








0.15 39 57 45.6
0.20 53 110 87.9
0.25 11 121 96.8
0.30 . .-• 2 123 98.3
0.35 1 124 99.2
0.40
.
' 1 125 100.0













0.20 29 34 23.3
0.25 22 56 38.4
0.30 29 85 58.2
0.35 26 111 76.0
0.40 21 132 90.4
0.45 10 142 97.2
0.50 4 146 100.0
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TABLE 32 - SHORT-WAVE HEIGHT DISTRIBUTION FOR
160300-160700 JAN 1966







0.15 3 6 3.73
0.20 12 18 11.2
0.25 19 37 23.0
0.30 12 49 30.4
0.35 39 88 54.7
0.40 18 106 65.8
0.45 26 132 81.9
0.50 12 144 89.4
0.55 9 153 95.0
0.60 5 158 98.1
0.65 3 161 100.0
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TABLE 33 - SHORT-WAVE HEIGHT DISTRIBUTION FOR
050200-050600 FEB 1966
Height Occurrences Cumulative Cumulative Percentage







0.20 55 96 64.0




0.35 16 144 96.0
0.40 6 150 100.0
TABLE 34 - SHORT-WAVE HEIGHT DISTRIBUTION FOR
121300-121700 JUN 1966
Height Occurrences Cumulative Cumulative Percentage
(Ft.,)" (No.) ^0.) (fo)
0.05 4 4 2.68
0.10 28 32 21.5
0.15 60 92 61.8
0.20 42 134 90.0
0.25 13 147 98.7
0.30 2 149 100.0
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TABLE 35 - SHORT-WAVE HEIGHT DISTRIBUTION FOR
110000-110400 DEC 1966





0.10 7 8 6.72
0.15 18 26 21.9
0.20 20 46 38.6
0.25 15 61 51.3
0.30 30 91 76.4
0.35 19 110 92.4
0.40 7 117 98.3
0.45 2 119 100.0
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TABLE 36 - SHORT-WAVE HEIGHT DISTRIBUTION FOR
170200-170600 DEC 1966





0.15 6 10 6.94
0.20 10 20 13.9
0.25 13 33 22.9




0.40 27 104 72.2
0.45 9 113 78.4
0.50 10 123 85.4
0.55 7 130 90.3
0.60 9 139 96.4
0.65 1 140 97.2
0.70 3 143 99.3
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Analysis of tide records from Monterey Harbor for the three-
year period 1964-1966 showed that two types of sub-tidal
oscillations occur in the harbor having mean periods in the range
of 19 to 39 minutes and 1.5 to 2.0 minutes. Their heights,
recorded on the tide records, varied from 0.2 to 0.4 foot and from
0.1 to 0.5 foot, respectively. The longer waves occur in trains
having durations from a few hours to several days, and have a
well-defined seasonal and diurnal frequency of occurrence, being
most common during July and between the hours of 1200 and 1600*
The shorter waves are recorded almost continuously. The long
period waves probably are progressive waves produced by air-
pressure fluctuations or by resonance with the ordinary surface
waves associated with the coastal sea breeze. The short period
waves appear to be either natural oscillations of the harbor or
surf beat accompanying swell arriving from the open ocean.
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